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investigate﻿potential﻿differences﻿ in﻿ thermal﻿perception﻿based﻿on﻿gender﻿nor﻿did﻿ they﻿discuss﻿user﻿
comments﻿and﻿feedback.﻿These﻿aspects﻿will﻿be﻿illuminated﻿in﻿the﻿present﻿paper.
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Thermal Interaction
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As﻿mentioned﻿ by﻿Kern﻿ et﻿ al.﻿ (2009),﻿ new﻿ feedback﻿ types﻿ tend﻿ to﻿ be﻿more﻿ distracting﻿ than﻿
established﻿ones﻿and﻿auditory﻿feedback﻿is﻿well-known﻿in﻿cars.﻿The﻿distraction﻿level﻿posed﻿by﻿thermal﻿
feedback﻿was﻿therefore﻿expected﻿to﻿be﻿higher,﻿influencing﻿the﻿driving﻿performance,﻿measured﻿in﻿this﻿
study﻿ through﻿ lane﻿deviation.﻿The﻿presented﻿ thermal﻿ feedback﻿was﻿slowly﻿ increasing,﻿ raising﻿ the﻿
expectation﻿that﻿this﻿feedback﻿would﻿be﻿experienced﻿and﻿rated﻿as﻿less﻿disruptive﻿and﻿more﻿pleasant﻿
















Figure 1. Peltier device and experiment setup
International Journal of Mobile Human Computer Interaction
Volume 11 • Issue 2 • April-June 2019
43
In﻿ the﻿ thermal﻿ condition﻿ the﻿direction﻿of﻿ temperature﻿change﻿ indicated﻿ the﻿direction﻿of﻿ lane﻿
change:﻿when﻿the﻿device﻿turned﻿warm,﻿participants﻿should﻿change﻿a﻿lane﻿to﻿the﻿right,﻿if﻿it﻿turned﻿
cool,﻿a﻿lane﻿to﻿the﻿left.﻿The﻿temperatures﻿were﻿chosen﻿in﻿accordance﻿with﻿Wilson﻿et﻿al.﻿(2013,﻿2011).﻿





























Figure 2. Thermal Stimuli for the first experiment
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Table 2. Results of the statistical tests for the Lane Deviation of the first part of the experiment

























Figure 3. Time to finished Lane Change for all participants and genders, error bars always show the standard error
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Figure 4. Results of NASA TLX questionnaire for all participants and genders. Significant results between modalities are marked 
with asterisk (*), between genders with a tilde (~) and between modalities within gender groups with plus (+) for male and minus 
(-) for female participant groups
Figure 5. Results of the additional subjective questions for all participants and genders
International Journal of Mobile Human Computer Interaction
Volume 11 • Issue 2 • April-June 2019
47
Turning Direction
When﻿ asked﻿ for﻿ their﻿ preference﻿ regarding﻿ the﻿mapping﻿of﻿ turning﻿direction﻿ to﻿ temperature,﻿ 13﻿
participants﻿chose﻿“right”,﻿which﻿corresponded﻿to﻿the﻿warm﻿side,﻿while﻿only﻿one﻿of﻿the﻿women﻿chose﻿
“left”,﻿the﻿cold﻿side.























Stimuli﻿ detection﻿was﻿ perfect﻿ for﻿ speech,﻿while﻿ thermal﻿ feedback﻿had﻿ a﻿ recognition﻿ rate﻿ of﻿
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change﻿and﻿ to﻿ the﻿right﻿ if﻿ it﻿was﻿warm.﻿The﻿warm﻿and﻿cold﻿stimuli﻿were﻿evaluated﻿separately﻿ in﻿
analysis,﻿as﻿differences﻿in﻿perception﻿between﻿the﻿two﻿have﻿been﻿pointed﻿out﻿by﻿Wilson﻿et﻿al.﻿(2011).
Figure 6. Thermal Stimuli of the second experiment
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Lane Changes at the Return to Neutral Temperature






Even﻿ though﻿ there﻿were﻿no﻿ statistically﻿ significant﻿ results,﻿ some﻿ trends﻿could﻿be﻿ seen.﻿LEN﻿
of﻿6﻿seconds﻿led﻿to﻿more﻿lane﻿changes﻿for﻿both﻿warm﻿and﻿cold﻿stimuli.﻿Additionally,﻿EXT﻿seemed﻿
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Table 4. Test results for the ANOVA tests for the number of Lane Changes at the return to neutral
























































































































Figure 7. Percentage of false positive recognitions ordered by parameters
Figure 8. Percentage of false positive recognitions for each stimulus
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correction﻿ showed﻿ significant﻿ results﻿ only﻿ for﻿ the﻿LEN,﻿EXT﻿combination﻿ of﻿ 0,3﻿with﻿ all﻿ other﻿
combinations,﻿see﻿Table﻿6.﻿The﻿recognition﻿of﻿0,3﻿had﻿a﻿lower﻿recognition﻿than﻿the﻿other﻿combinations,﻿
compare﻿Figure﻿11.












Table 5. Test results for the ANOVA tests for the recognition
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The﻿recognition﻿rate﻿of﻿cold﻿stimuli﻿was﻿ influenced﻿by﻿ the﻿extent﻿of﻿ thermal﻿change:﻿bigger﻿
changes﻿were﻿ recognized﻿better.﻿For﻿warm﻿stimuli,﻿ if﻿ the﻿ temperature﻿after﻿a﻿change﻿of﻿3°C﻿was﻿
Table 6. Post hoc tests for the interaction LEN*EXT for warm temperatures with Tukey corrections. Degree of freedom for all 
was 165, results were averaged over ROC.
Comparison t-Value p-Value Comparison t-Value p-Value
0,3-3,3 5.63 < 0.001 3,3-6,6 1.71 0.53
0,3-6,3 4.65 < 0.001 6,3-0,6 2.20 0.24
0,3-0,6 6.85 < 0.001 6,3-3,6 2.69 0.08
0,3-3,6 7.34 < 0.001 6,3-6,6 2.69 0.08
0,3-6,6 7.34 < 0.001 0,6-3,6 0.49 1.00
3,3-6,3 0.98 0.92 0,6-6,6 0.49 1.00
3,3-0,6 1.22 0.83 3,6-6,6 0.00 1.00
3,3-3,6 1.71 0.53
Figure 9. Recognition rates for the parameters
Figure 10. Recognition rates for each stimulus
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Figure 11. Recognition rates for Interaction LEN*EXT for warm stimuli
Figure 12. Mean Time to Completed Lane Change for each stimulus
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